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SOM S1
Collection and preparation of micromorphological samples
All block samples for this study were extracted from profiles with the help of plaster bandages. Samples were dried either in the sun or in an oven at 40° C for 3 days, impregnated with a mixture of styrene, resin, and hardener, and let consolidate for about three weeks in the fume hood. Once hardened, the impregnated blocks were cut with a rock saw into chips measuring 50  75 mm, which were produced into 30 μm-thick thin sections. Block samples from Felsenhäusl-Kellerhöhle were prepared at the Geoarchaeology Laboratory at the University of Tübingen (Germany), while those from Klausennische at the Interdisciplinary Centre for Archaeology and the Evolution of Human Behaviour (ICArEHB) of the University of Algarve (Portugal).
Fluorescence microscopy was performed at the Centro de Investigação em Biomedicina, at the University of Faro. Samples were observed with a Z2 Axioimager under reflected ultra-violet (UV) light with Cyan Fluorescent Protein (CFP) and Green Fluorescent Protein (GFP) filters.

SOM S2
Luminescence dating
[bookmark: _Hlk113025950]Preparation and measurement of samples Samples were pre-treated with 10 % HCl, sodium oxalate and 15 % H2O2. The prepared samples were then centrifuged to obtain the 4–11 µm polymineral fraction, which we used to measure the equivalent dose (De). All luminescence measurements were conducted on a Risoe thermoluminescence/optically stimulated luminescence (TL/OSL) reader equipped with infra-red (IR) light-emitting diodes (LEDs) transmitting at 890 nm and a photomultiplier (PM) tube in which the photon emission is measured through a D410 filter to detect the blue-violet feldspar emission. For irradiation, a calibrated beta-source with a dose-rate of approximately 0.2 Gy/s was used. For De-measurements, the post-infrared-infrared (pIRIR225) approach was applied (Thomsen et al., 2008; Buylaert et al., 2009). Here, the feldspar signal is measured at 225°C after the IR 50 signal is depleted. Post-IR signals are known to be characterized by a higher signal stability if compared to feldspar signals measured at 50 °C and consequently, the effect of anomalous fading is low or even negligible. Fading measurements (Huntley and Lamothe, 2001) on samples L-Eva 2055 and 2058 were conducted for respectively 9 aliquots and the corresponding g-values are at 1.7 +/- 0.14 and 1.6 +/- 0.16. Due to the low measured g-values, no fading correction was conducted. Prior to De-measurements, the pIRIR225 approach was checked by applying a dose recovery test to the sample collected from Klausennische and the given dose could successfully be recovered with a measured-to given dose ratio of 0.97. To calculate the final De-value, all the measured aliquots were used, as they exhibited a recycling ratio deviating < 10 %. Material for gamma spectrometry was collected at same position as material for De-measurements and the activities of 238U, 232Th and 40K were measured at the ‘Felsenkeller’ laboratory (VKTA) in Dresden using high resolution gamma spectrometry. An a-value of 0.086 0.004 was assumed to account for the alpha efficiency. The water content was assumed to be at 20 ± 10 %. The large error was chosen with respect to the uncertainties and fluctuations within the water contents since time of deposition.

[bookmark: _Hlk107409726]Grain size selection and discussion of bleaching issues The sedimentary units dated are reworked aeolian cover deposits, which are typical in late Pleistocene sediment sequences in Germany (e.g., Bibus et al. 2007; Lauer et al. 2014). We have sampled for luminescence dating the 4–11 µm sediment fraction of both samples. This fraction should be regarded as wind-blow and therefore well bleached, whereas the sand fraction might represent a component with unsatisfying beaching due to a shorter transport distance.

Dose residuals, fading, and their implications for the age estimates It is known that pIR signals might host dose residuals that can lead to age overestimations (e.g., Buylaert et al., 2012). As pIRIR225 feldspar signals are better to bleach if compared to pIR290 signals (Buylaert et al., 2009; Thomsen et al., 2008), we have chosen the pIRIR225 approach, to minimize this effect. Nevertheless, it must be considered that dose residuals slightly affect luminescence age estimate. Consequently, the luminescence ages presented in this study should be regarded as potential maximum ages.
The luminescence ages presented in this paper are not corrected for fading. It was often demonstrated that feldspar signals measured at elevated temperatures, after depleting the IR50 signal, are much less affected by fading if compared to the low temperature feldspar signals (e.g., Wiśniewski et al., 2019). The obtained g-values (Huntely and Lamothe, 2011) are below 2 %/ decade and hence, we think that fading corrections are not necessary. We consider the effect of fading as minor, and the obtained g-values might rather reflect measurement artefacts. 
In conclusion, we argue that our luminescence ages show that these GL 7c at Felsenhäusl-Kellerhöhle and GL 1b at Klausennische clearly correlate with a late period of the Würm glaciation, definitely after 20 ka (post Last Glacial Maximum). Based on the geoarchaeological observations, the climatic conditions during the time of deposition of GL 7c and GL 1b should have been cold and relatively arid. Hence, the deposits should correlate with a (cold) stadial within the late Würmian.  

[bookmark: _Hlk107409662]Contribution of the cosmic dose rate The estimation of the cosmic dose rate in caves or rockshelters is challenging, as it is not straight forward to use the sediment thickness on top of the sample-spot to properly evaluate the cosmic dose contribution. The sediments sampled for luminescence dating at both sites were sheltered from most of the cosmic rays by several meters of rock. For the sampling sites, we therefore estimated a 10 m averaged coverage of the sampling spot. The cosmic dose rate was then estimated by taking into account the elevation in m above sea level, the geographical coordinates, and the assumed sampling depth following the equation by Prescott and Hutton (1994). The calculated cosmic dose rate contribution is of 0.07 mGy/a for both samples, and thus should here be regarded as minor.

[bookmark: _Hlk113009986][bookmark: _Hlk113009897]Performance of Dose recovery tests The pIRIR225 protocol was tested on its reproducibility on 3 aliquots of sample L-Eva 2055. The fresh aliquots were first bleached in the reader using IR LEDs for 200 seconds at 225°C. The reader-bleach (and not a bleach under the solar lamp) was chosen with respect to necessary laboratory logistics. After the bleaching, the aliquots were exposed to a dose which was expected to be close to the natural dose. After, the pIRIR225 protocol with a preheat- and cutheat at respectively 250°C (60 seconds) was applied to test in how accurate the approach can recover the given dose. As reported above (see “Preparation and measurement of samples”), the measured-to given dose ratio of 0.97 illustrates the high reproducibility of the protocol.
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Description automatically generated with medium confidence]
SOM Fig. S1. Decay curves (natural luminescence signal) obtained from sample L-Eva 2055. After depleting the IR50 signal, the IR stimulated luminescence signal at 225°C was recorded for 200 s. Preheat- and cutheat temperatures were set to 250°C respectively. At the end of each cycle, a cleanout was inserted (IR stimulation at 290°C for 40 s). Abbreviation: IR = infrared.
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SOM Fig. S2. Dose response curve of sample L-Eva 2055 from layer GL 1b at Klausennische.
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SOM Fig. S3. Lithic artifacts and weathering silicates at Felsenhäusl-Kellerhöhle and Klausennische. a, b) fresh chert fragments from GL 4 at Felsenhäusl-Kellerhöhle and GL 4 at Klausennische. Photomicrographs taken in crossed polarized light (XPL). These fragments are probably chips of lithic artifacts (possibly flakes) as shown by their high angularity (Angelucci, 2010); c, d) weathering fragments of chert from GL 6, Felsenhäusl-Kellerhöhle, and GL 4, Klausennische. Photomicrographs taken in plane polarized light (PPL); e, f) dissolving quartz (Q) replaced with micritic calcite (C) from GL 1b, Felsenhäusl-Kellerhöhle, and GL 4, Klausennische (PPL).

	[image: ]
SOM Fig. S4. Coprolites and phosphatized sediment from Felsenhäusl-Kellerhöhle and Klausennische. a, b) examples of coprolite fragments observed in thin sections of GL 4 and GL 7 from Felsenhäusl-Kellerhöhle. c) Coprolite fragment observed in GL 4 from Klausennische. a-c), Photomicrographs taken in plane polarized light (PPL). Fv and Q indicate fur pseudomorphic voids and quartz grains, respectively; d) coprolite fragment impregnated with manganese oxides from GL 4, Klausennische (PPL); e) monochromatic photomicrographs acquired in fluorescence showing alternating non-phosphatized (darker) and phosphatized (brighter) laminations at the transition from GL 6b (lower) and GL 6a (upper half of the image) at Felsenhäusl-Kellerhöhle; f) grain of phosphatised loess from GL 4, Klausennische, showing quartz (Q) and mica (M) grains. Photomicrograph taken in crossed polarized light (XPL). Note that the top left border of this aggregate diffuses into the surrounding groundmass; g) phosphatic grain from GL 4, Felsenhäusl-Kellerhöhle, showing quartz (Q) and mica (m) grains (XPL); h) phosphatic grain (P) rich in calcite (Ca) from GL 6b, Felsenhäusl-Kellerhöhle (XPL); i) grain of phosphatized loess (P) buried next to a speleothem fragment (S) from GL 1b, Klausennische (PPL).




SOM Table S1
Published radiocarbon dating from Magdalenian occupations in Ach and Lone valleys in the Swabian Jura. Modified from Barbieri et al. (2021: SI 2).
	Lab ID
	Site
	Unit
	Specimen
	Mod.
	BP
	±
	d 13C
	Ra
	cal BP

	
	
	
	
	
	
	
	
	
	From
	to

	Ach Valley
	
	
	
	
	
	
	
	
	

	MAMS 16557
	HF
	I
	Giant deer, metatarsal
	Cut and percussion marks
	12367
	31
	-14.7
	1
	14678
	14148

	OxA-5158
	GK
	Ir
	Horse
	
	12450
	120
	-20.8
	2
	15095
	14139

	OxA-4975
	HF
	Iia
	Horse?, rib
	
	12520
	130
	-20.2
	2
	15190
	14180

	ETH-57288
	HA
	IIIa
	HLA 5, large ungulate, long bone, shaft fragment
	
	12518
	45
	-20.2
	3
	15093
	14403

	ETH-57289
	HA
	IIF7
	HLA 7, medium ungulate, flat bone fragment
	
	12941
	46
	-21.1
	3
	15686
	15265

	H 5119-4601
	HF
	Ib
	Human, right femur
	Percussion marks
	13085
	95
	NA
	2
	15994
	15330

	ETH-57286
	HA
	IIId
	HLA 3, large ungulate, long bone, shaft fragment
	
	13081
	47
	-21.4
	3
	15910
	15421

	GrA-43918
	HF
	I
	Brown bear, metacarpal
	
	13170
	50
	NA
	4
	16032
	15638

	OxA-4854
	GK
	Ir
	Cave bear, jaw, juvenile
	
	13230
	130
	-18.9
	2
	16272
	15455

	OxA-4596
	HF
	I
	Reindeer, right ulna
	
	13240
	110
	-20.1
	5
	16252
	15573

	OxA-4977
	HF
	Iia
	Reindeer/Ibex, left tibia
	
	13350
	140
	-18.8
	2
	16496
	15656

	Beta-171312
	HF
	Iia
	Brown bear, tooth
	
	14600
	60
	-19.8
	6
	17969
	17593

	Lone Valley
	
	
	
	
	
	
	
	
	

	ETH-41222
	HS
	GL 2A
	Roe deer
	
	11945
	50
	NA
	7
	13977
	13591

	ETH-41223
	HS
	GL 2B
	Giant deer
	
	12175
	50
	NA
	7
	14217
	13861

	ETH-74894
	LH
	3
	Charcoal, ND
	
	12295
	63
	-28.2
	8
	14653
	14034

	ETH-13319
	HS
	ND
	Bone, ND
	
	12400
	100
	NA
	9
	14999
	14110

	ETH-84042
	LH
	V
	Horse, right humerus
	Cut marks
	12636
	47
	-20.8
	10
	15210
	14765

	ETH-84040
	LH
	V.1
	Bone, ND
	
	12714
	48
	-21.7
	10
	15313
	14936

	ETH-84039
	LH
	V.2
	Bone, ND
	
	12732
	48
	-21.2
	10
	15335
	14979

	ETH-74895
	LH
	V
	Charcoal, ND
	
	12784
	37
	-28
	10
	15381
	15090

	ETH-41228
	HS
	KKS
	Wild pig
	
	12785
	50
	NA
	7
	15441
	15071

	ETH-84041
	LH
	V.3
	ND
	
	12794
	48
	-20
	10
	15447
	15084

	ETH-46899
	HS
	KKS
	Bovide/cervide
	
	12892
	44
	NA
	7
	15609
	15206

	KIA 8966
	VH
	IV
	ND, right femur
	Cut marks
	13015
	55
	-22.61
	11
	15793
	15319

	ETH-46895
	HS
	GL 2B
	Horse
	
	13070
	51
	NA
	7
	15981
	15388

	PL0001340A
	VH
	IV/V
	ND
	
	13630
	410
	-20.8
	11
	17625
	15309

	ETH-46896
	HS
	GKS1
	Horse
	
	13724
	105
	NA
	7
	16951
	16251

	ETH-46898
	HS
	KKS
	Horse
	
	14053
	49
	NA
	7
	17340
	16853

	ETH-38789
	HS
	KS
	Brown bear
	
	14280
	65
	NA
	7
	17602
	17159


Abbreviations: GK = Geißenklösterle; HA = Helga Abri; HF = Hohle Fels; HS = Hohlenstein; VH = Vogelherd; LH = Langmahdhalde; ND = Not determined; NA = Not Available; R = references; cal BP = calibrated radiocarbon ages with the software OXCal 4.4 and IntCal20 calibration curve.
a References: 1 = Immel et al. (2015); 2 = Housley et al. (1997); 3 = Hess (2019); 4 = Münzel et al. (2008); 5 = Hahn (1995); 6 = Münzel et al. (2007); 7 = Hornauer-Jahnke (2019); 8 = Conard et al. (2017); 9 = Orschiedt (1996); 10 = Conard et al. (2018); 11 = Conard et al. (2003).


SOM Table S2
Published radiocarbon dating from Magdalenian occupations in the Altmühl and Hönne valleys in the Franconian Jura.
	Lab ID
	Site
	Unit
	Specimen
	Mod.
	BP
	±
	δ13C
	Ra
	cal BP

	
	
	
	
	
	
	
	
	
	From
	to

	Lower Altmühl Valley
	
	
	
	
	
	
	
	

	OxA-5721
	OK
	g?
	Reindeer/cervus tibia
	Cut marks
	24680
	360
	-18.4
	1
	29860
	28051

	OxA-5718
	MK
	NA
	Reindeer antler
	Cut marks
	13160
	130
	-19.9
	1
	16190
	15380

	OxA-5753
	SG
	C2
	Horse/reindeer long bone
	
	12740
	90
	-19.7
	1
	15527
	14945

	OxA-5754
	SG
	C2
	Horse/reindeer long bone
	
	12680
	100
	-19.8
	1
	15480
	14555

	OxA-5751
	KB
	1
	Reindeer antler
	
	12610
	90
	-19.7
	1
	15300
	14440

	OxA-5720
	OK
	g?
	Reindeer antler
	Cut marks
	12440
	140
	-19.6
	1
	15112
	14095

	OxA-5719
	OK
	g?
	Antler
	Cut marks
	12350
	130
	-20.5
	1
	14995
	14045

	OxA-5755
	KL
	NA
	Reindeer antler
	Grooved
	12060
	90
	-20.2
	1
	14165
	13756

	OxA-5756
	KL
	NA
	Reindeer antler
	Grooved
	11590
	90
	-19.9
	1
	13732
	13245

	Upper Altmühl Valley/Schambach Valley
	
	
	
	
	
	
	

	OxA-5752
	SH
	NA
	Bone
	Cut marks
	12410
	90
	-20.4
	1
	14974
	14150

	Hönne Valley
	
	
	
	
	
	
	
	
	

	Erl-14814
	TH
	NA
	Double-bevelled point
	Tool
	13335
	53
	NA
	2
	16230
	15839


Abbreviations: KB = Kaufertsberg; KL = Kastlhänghöhle; MK = Mittlere Klause; OK = Obere Klause; SG = Sesselfelsgrotte; SH = Schambach Hohlenstein; TH = Tunnelhöhle; NA = Not Available; R = references; cal BP = calibrated radiocarbon ages with the software OXCal 4.4 and IntCal20 calibration curve.
a References: 1 = Housley et al. (1997); 2 = Steguweit (2011).


SOM Table S3
Thin section description for Felsenhäusl-Kellerhöhle.
	Unit GL 1b
	Description

	Lithology
	Fine to medium gravel in a sandy silt matrix.

	Voids
	60% of thin section, complex packing voids.

	Aggregation
	Mostly not aggregated but exhibiting rare highly separated coarse sand-sized porous crumbs.

	Microstructure
	Crumb microstructure.

	c/f
	5000 µm close to double spaced enaulic.

	Coarse
	25% of the thin section surface, unsorted. Fine gravel-sized mineral fragments and 2 to 10 mm long charcoal fragments exhibit weak, localized parallel basic orientation (especially in the upper left corner of the slide). These components seem to delimit surfaces sloping from the West Entrance towards inside the cave with an apparent angle of 35°-40°.
Components:
· Frequent (30%) prolate and equant, subrounded, smooth, medium gravel to medium sand-sized limestone fragments. In most of them fossils are still visible;
· Frequent (30%) prolate and equant, rounded to subangular, smooth, rarely rough, coarse and medium sand of quartz (rarely polycrystalline). In some cases, the outer edges of quartz grains show edge fractures where authigenic clay seemed to form. Other quartz grains show diffuse edges, where SiO2 appears replaced by calcium carbonate;
· Common (25%) acicular-planar, angular, smooth to wavy, up to 7000 µm long fragments of charcoal and charred vegetal remains;
· Few (5%) prolate and equant, subrounded to rounded, smooth, medium and fine gravel -sized speleothem fragments;
· Very few (2%) fresh root fragments, rarely exhibiting needle-fiber calcite. 
· Very few (1%) snail shell fragments, closer to the lower contact.
· Very few (1%) prolate to equant, subrounded, smooth, 500 to 600 µm-sized bone fragments. Rarely they exhibit potential evidence of burning (change in color).
· Very few (1%) equant, rounded, smooth, aggregates composed of sand- and silt-sized grains of quartz and iron-stained, dusty clay. In part, the latter is organized in microlaminated clay coatings.
· Very few (1%) aggregates composed of sand- and silt-sized grains of quartz and iron-stained, dusty clay. In part, the latter is organized in microlaminated clay coatings.
· Very few (<1%) equant, rounded, rough, medium to fine sand-sized grains of chert exhibiting iron-manganese staining, complex alteration and infilling of laminated limpid clay (red XPL, PPL).

	Fine
	15% of thin section surface, unsorted, random orientation of the components. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are calcite, quartz, charcoal, rare micas, and bones.

	Pedofeatures
	Limestone and speleothems are occasionally coated with clay and calcium carbonate coatings. These materials are organized in two main groups of laminations. The inner one is made from impure clay, it does not exhibit an internal organization and measures only a few microns in thickness. The outer one is composed of micritic and sparitic secondary calcium carbonate, it is weakly laminated and measures up to 300 µm in thickness. These laminations occasionally include silt-sized quartz and charcoal fragments similar to those reported from the surrounding groundmass.


	Unit GL 2a
	

	Lithology
	Rare fine to medium gravel in a clayey silty matrix.

	Voids
	25% of thin section, channels, chambers, rare straight planes and vughs.

	Aggregation
	The sample shows at least three distinct types of aggregation. Fine gravel-sized granules, coarse and medium sand-sized porous crumbs, moderately to highly separated sub-angular to angular, partially accommodated blocky peds.

	Microstructure
	Complex microstructure.

	c/f
	100 µm porphyric.

	Coarse
	30% of thin section surface, unsorted, randomly oriented. 
Components:
· Dominant (50%) prolate and equant, subrounded, smooth, medium gravel to medium sand-sized limestone fragments. In them fossils are visible, as well as calcite pseudomorphic voids;
· Frequent (30%) up to fine gravel-sized calcium carbonate nodules (details in pedofetaures). 
· Common (15%) prolate and equant, rounded to subangular, smooth to rough (dog tooth), medium (coarse is very rare) sand of quartz;
· Few (5%) fresh root fragments within channel and chamber voids, exhibiting needle-fiber calcite. 
· One (3%) prolate, subangular, smooth, aggregate composed of rare angular and subrounded sand- and silt-sized grains of quartz and mica embedded in iron-stained, mostly red, dusty clay. This component exhibits parallel planar voids and granostriated b-fabric. Within it, clay is partly organized in medium and fine sand-sized aggregates (few of them appear yellow) and rare fine sand-sized limpid microlaminated clay coatings.
· Very few (2%) snail shells (most of them appear fresh and intact), up to 3000 µm in diameter.
· Very few (1%) acicular to prolate, angular, smooth to wavy, up to 7000 µm long fragments of charcoal and charred vegetal remains;
· Very few (>1%) prolate to equant, subrounded, smooth, 200 µm-sized bone fragments.

	Fine
	45% of thin section surface, unsorted, random orientation of the components. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are calcite, quartz, rare micas, clay, charcoal, and bones.

	Pedofeatures
	It is possible to isolate different stages in the formation of calcium carbonate nodules within this unit:
Stage 1- Dense complete and incomplete infilling of needle-fiber calcite in channel voids delimiting granular aggregates.
Stage 2- Once voids are completely infilled, secondary calcium carbonate accumulates further within the aggregates.
Stage 3- Aggregates appear extensively cemented with calcium carbonate. Most of them exhibit a sharp and smooth external border, showing that they have been reworked (by further bioturbation). 
Nodules from all these three stages (but especially from Stage 3) exhibit calcite pseudomorphic voids.


	Unit GL 2b
	

	Lithology
	Rare fine to medium gravel in a clayey silty matrix.

	Voids
	20% of thin section, channels and chambers, vughs more abundant and larger than in upper unit, few straight planes.

	Aggregation
	The sample shows weakly developed subangular, partly accommodating peds.

	Microstructure
	Channel microstructure.

	c/f
	300 µm porphyric.

	Coarse
	40% of the thin section surface, moderately sorted. Mostly randomly oriented, exceptionally exhibiting some weakly expressed clustered distribution pattern along crescent-shaped lines. 
Components:
· Dominant (50%) equant (rarely prolate), subrounded, rough to smooth, medium gravel to medium sand-sized nodules and crusts of calcium carbonate (details in pedofetaures).
· Common (25%) mostly prolate (although also equant) subangular to subrounded (rare rounded), smooth to wavy, fragments of limestone and speleothems. Limestone fragments exhibit some parallel, horizontal, basic orientation. In these, fossils are visible. Both limestone frags and speleothems show rare calcite pseudomorphic voids and are coated with weakly laminated coatings of calcium carbonate and silt. The outer border of these pedofeatures is often diffuse;
· Common (15%) prolate and equant, rounded to subangular, smooth to rough, medium (coarse is very rare) sand of quartz. Some of them show fissures and linear alteration. Alteration is less present in the lower 1/3 of the slide;
· Few (5%) fresh root fragments within channel and chamber voids, exhibiting needle-fiber calcite. They are bigger than GL 2A.
· Very few (2%) prolate to equant, subrounded, smooth, up to 200 µm-sized bone fragments. Most of them exhibit signs of possibly fire-induced alteration, as shown by the difficulty in recognizing the osteon structure, color in XPL towards grey and brown, color in PPL yellowish brown to reddish brown. Most of the potential fragments exhibit iron-manganese staining along one of their edges.
· Very few (1%) iron manganese nodules (see pedofeatures).
· Very few (1%) fragmented snail shells, up to 400 µm in diameter.
· Very few (1%) prolate, angular, smooth to wavy, up to 500 µm long fragments of charcoal and charred vegetal remains;
· Very few (<1%) prolate, angular, smooth to wavy chert fragments.
· Very few (<1%) prolate, subrounded to rounded, smooth, up to 1000 µm phosphate aggregates. They appear opaque in XPL, with rare inclusions of calcite crystals. In PPL it is possible to observe that they are composed of multiple smaller phosphatic aggregates (some of them might be bones). They also contain rare, elongated voids. Although they do not show clear indication of fur pseudomorphic voids and gas vesicles, these components are probably carnivore coprolites. 

	Fine
	40% of thin section surface, unsorted, random orientation of the components. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are calcite, quartz, micas, the latter slightly bigger than the above unit. In comparison with the above layer this sediment appears richer in:
· Frequent bone frags mostly around 200 µm. They exhibit characteristics similar to those reported for the coarse fraction. Most of them exhibit evidence of burning and iron manganese staining.
· Common prolate to equant, subangular to subrounded, smooth to wavy fragments of charcoal. Most of them are disturbed by channels and chambers.
· Common equant, subrounded, smooth clay aggregates and clay coatings mostly around 200 µm. They appear red in both PPL and XPL.
· Iron manganese nodules.

	Pedofeatures
	Carbonate pedofeatures
The upper 2/3 of the slide (down to the lowermost layer delimited by limestone fragments) is very rich in calcium carbonate pedofeatures, with channel infilling, coatings and hypocoatings (around channels and mineral grains) developing into actual calcium carbonate nodules. In this sediment all these features are considerably bigger (or thicker) than in the lower unit. For instance, infillings are up to 300 µm in width, hypocoatings up to 500 µm in width, and nodules up to 5 mm in max diameter. Some of the bigger calcium carbonate features exhibit laminations of purer calcite alternating with laminations richer in silt-sized quartz grains, clay aggregates and opaque speckles from the surrounding groundmass. These features are probably reworked calcite crusts. In this layer it is possible to observe also calcite replacement of root remains. All these features exhibit numerous calcite pseudomorphic voids. The lower 1/3 of the slide (below the lowermost layer of limestone gravel) shows less and smaller calcium carbonate pedofeatures.
Fragmented dusty to limpid, laminated clay coatings mostly smaller than 200 µm.
Iron manganese nodules. They are digitated to mamillated, disorthic, typic and measure up to 600 µm in max diameter.


	Unit GL 4
	

	Lithology
	Rare fine to medium gravel in a clayey silty matrix.

	Voids
	10% of thin section, channels and chambers, very few straight planes.

	Aggregation
	The sample shows weakly to moderately developed subangular, accommodating peds.

	Microstructure
	Complex (channel to subangular blocky) microstructure.

	c/f
	1000 µm porphyric.

	Coarse
	70% of the thin section surface, unsorted. Lower half of the thin section appears coarser. Fine and medium gravel-sized fragments might show some weak imbrication.
Components:
· Dominant (40%) prolate to (more rarely) equant, subrounded to rounded, rough to smooth, coarse sand-sized to medium gravel-sized fragments of calcium carbonate crusts. In comparison with the upper sediment, these crusts appear more cemented. They contain angular to subrounded, silt to coarse sand-sized grains of quartz, micas, glauconite (rare), orthic and disorthic typic iron-manganese nodules, phosphatic aggregates (very rare), and aggregates of red clay (very rare). Some of these carbonate features exhibit laminated structures with some grading. Some of them exhibit calcite pseudomorphic voids, probably less in comparison with the upper unit.
· Common (25%) prolate, subangular to subrounded, rough, coarse sand-sized to medium gravel-sized fragments of speleothems. They often exhibit calcite pseudomorphic voids;
· Common (20%) prolate to (more rarely) equant, subangular to subrounded, rough to smooth, coarse sand-sized to medium gravel-sized fragments of limestones. Mostly fossils are still visible, but some of them appear less fresh than in the upper sediments.
· Few (10%) prolate to equant, subrounded, smooth, silt to fine gravel-sized fragments of bone and tooth. Few of them (in proportion less than in the upper unit) exhibit signs of possibly fire-induced alteration, as shown by the difficulty in recognizing the osteon structure, color in XPL towards grey and brown, color in PPL yellowish brown, dark brown to black. One fragment shows apatite dissolution and calcite replacement. Possibly burnt and unburnt fragments exhibit some iron-manganese staining (unlike the upper deposits, in this unit iron-manganese staining is not limited to the edges of components).
· Very few (2%) prolate and equant, rounded to subangular, mostly smooth, coarse sand of quartz;
· Very few (1%) iron manganese nodules (see pedofeatures).
· Very few (1%) prolate, angular, smooth to wavy, up to 500 µm long fragments of charcoal and charred vegetal remains;
· Very few (1%) prolate, angular, smooth, from medium sand to fine gravel sized chert fragments. Some of them show linear alteration and are impregnated with iron manganese oxides.
· Very few (<1%) prolate, subrounded to rounded, smooth, 1000 µm-sized phosphate aggregates. They appear opaque in XPL, with rare inclusions of calcite crystals. In PPL it is possible to observe that they are composed of multiple smaller phosphatic aggregates (some of them might be bones). They also contain rare elongated voids. Although they do not show clear indication of fur pseudomorphic voids and gas vesicles, some of these components might be carnivore coprolites.

	Fine
	30% of thin section surface, unsorted, random orientation of the components. Yellowish grey in XPL and yellowish brown in PPL. Crystallitic b-fabric. Main components:
· Dominant silt and sand-sized grains of quartz, micas (bigger than in upper deposits), clay, and calcite (less abundant than in upper deposits). These components are organized in discontinuous, horizontal, parallel, wavy laminations;
· Common prolate, angular, smooth, silt to sand-sized fragments of bone and tooth, they exhibit similar characteristics to the bone and tooth fragments we reported from the coarse fraction. Few of these fine fraction components are possibly calcined, as shown by the grey blue color in XPL and grey color in PPL
· Frequent iron manganese nodules;
· Very few prolate to equant, subangular to subrounded, smooth to wavy fragments of charcoal.
· Very few equant, rounded, smooth to rough aggregates of red (XPL) clay and silt-sized grains of quartz
· Very few (<1%) equant, rounded, smooth to rough, glauconite fragments;
· Very few fresh root remains (smaller than 100 microns) in channels and planes

	Pedofeatures
	Carbonate pedofeatures (other than crusts)
Especially in the upper half of the slide, calcium carbonate hypocoatings around developing into calcium carbonate nodules (or soft masses) are very common. Calcium carbonate coatings appear less common than in the upper sediments. Infilling of needle-fiber calcite and calcite replacement of vegetal remains were not observed.
Iron manganese nodules. They are mamillated, disorthic and typic.
Clay and silt pedofeatures:
- Dense (mostly) incomplete infilling of clay (in channels and planes).
- Limpid laminated clay coatings along pore walls.
- Simple, stacked, parallel, horizontal intercalations of dusty clay and silt. These pedofeatures are almost exclusively present in the lower half of the slide. 
- Coatings of sand, silt, and clay around limestone, crusts and speleothems. The components are organized in graded laminations. Innermost laminations are composed of silt and fine sand-sized mineral grains from the groundmass. Some coatings exhibit an outer lamination composed of medium to coarse sand sized grains from the groundmass. (Dusty) clay is present in the outermost laminations. The total thickness of the coatings can be up to 2 mm. This type of pedofeatures is present throughout the slide, but they are particularly present in the lower half.


	Unit GL 6a
	

	Lithology
	Sandy silty.

	Voids
	3% of the thin section, channels.

	Aggregation
	Non aggregated.

	Microstructure
	Massive.

	c/f
	250 µm porphyric.

	Coarse
	20% of thin section surface, moderately sorted, weak grading.
Components:
· Dominant (50%) prolate to equant, subrounded to rounded, mostly rough, fine to coarse sand-sized aggregates of calcium carbonate (possibly fragments of the nodules we reported in the other sediments);
· Frequent (45%) mostly equant, subrounded to rounded, smooth, medium to coarse sand-sized fragments of quartz.
· Very few (2%) prolate, subrounded, rough to smooth, fine to coarse sand-sized fragments of limestone. In them fossils are still visible;
· Very few (1%) prolate, subangular to subrounded, medium to coarse sand-sized fragments of charcoal;
· Very few (2%) medium to coarse sand-sized fragments of fresh roots;
· Very few (<1%) prolate, subangular, smooth, medium sand-sized fragments of iron-nodules (probably Bohnerz).
· Very few (<1%) prolate, subangular, smooth, medium sand-sized fragments of bones.

	Fine
	78% of thin section surface, well sorted, weakly graded, random orientation of the components. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, calcite, micas (mostly lying flat), silt-sized fragments of charcoal, and very rare grains of phosphatized loess very rich in calcium carbonate. There are also rare, silt-sized aggregates of clay. The groundmass exhibits some faint, parallel, horizontal intercalations which appear decalcified and possibly phosphatized.

	Pedofeatures
	Possible fragments of carbonate nodules and fragmented typic, disorthic iron nodules.


	Unit GL 6b
	

	Lithology
	Sandy silty. The sand fraction is coarser and less sorted than above GL 6A.

	Voids
	3% of the thin section, channels.

	Aggregation
	Non aggregated.

	Microstructure
	Massive.

	c/f
	250 µm porphyric.

	Coarse
	80% of thin section surface, moderately sorted, weak grading.
Components:
· Dominant (60%) prolate to equant, subrounded to rounded, mostly rough, fine to coarse sand-sized nodules and aggregates of calcium carbonate (coarser than above unit);
· Frequent (30%) prolate to equant, subrounded to rounded, smooth, medium to coarse sand-sized fragments of quartz (coarser than above unit).
· Very few (3%) prolate, subangular to subrounded, medium to coarse sand-sized fragments of charcoal (more than in upper unit);
· Very few (1%) prolate, subrounded, rough to smooth, fine to coarse sand-sized fragments of limestone. In them fossils are still visible;
· Very few (1%) prolate, subangular to subrounded, medium to coarse sand-sized fragments of bone (few of them appear brownish red in PPL, and might have been exposed to heat);
· Very few (1%) equant, subrounded, fine sand-sized grains of phosphatized loess. Some of them appear very rich in calcite, as such they might show that apatite neoformation was less intensive;
· Very few (1%) equant, subrounded to subangular, up to medium sand-sized fragments of chert (the type that is unsorted and has a bit of everything inside it). Only a couple of them show well developed coatings of clay and iron oxides;
· Very few (1%) prolate to equant, subrounded, medium to coarse sand-sized aggregates of clay (yellow in XPL and PPL);
· Very few (1%) medium sand-sized fragments of fresh roots;
· Very few (<1%) prolate to equant, subrounded, medium sand-sized fragments of laminated, limpid clay coatings extensively impregnated with iron oxides (red in XPL and PPL);

	Fine
	28% of thin section surface, well sorted, weakly graded, random orientation of the components. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, silt-sized fragments of charcoal, clay (the latter two more abundant than in GL 6a and GL 7), calcite and micas (both rarer than in the upper unit). The contact with the lower GL 7 is clear although bioturbated, with channels infilled with sediment from GL 6B.

	Pedofeatures
	Fragments of carbonate nodules and rare fragmented typic, disorthic iron nodules.


	Unit GL 7
	

	Lithology
	Clayey silty with rare sand.

	Voids
	15% of the thin section, channels, chambers, vughs. At the bottom of the unit (GL 7c), rare, straight, weakly to highly separated accommodating planes, which exhibit parallel basic orientation and appear to have been disrupted by subsequent formation of channels.

	Aggregation
	The upper 2 cm of the unit (GL 7a) are non-aggregated. Voids (channels and chambers) are more frequent and bigger in the central part of the investigated deposits (GL 7b), where it is possible to observe very weakly separated granules and very rare weakly separated, subangular, partly accommodating blocky peds. The former type is absent, while the latter is common in GL 7c.

	Microstructure
	Complex microstructure (granular microstructure, subangular blocky microstructure, channel microstructure).

	c/f
	250 µm porphyric.

	Coarse
	20% of thin section surface, moderately sorted, weak grading.
Components:
· Dominant (60%) prolate, subangular, smooth, coarse gravel-sized fragment of flake. It lies nearly vertical in GL 7c. It seems impregnated with some iron and it has a bit of coarse grains. This frag exhibits two interesting discontinuous features along its edges.
· Coating made from laminations of calcium carbonate and dusty iron-stained clay. This feature is directly in contact with the artifact and exhibits sharp boundaries.
· Sorted silt grains occasionally alternating with intercalations/domains of clays. Both silt and clay are oriented parallel to the edges of the artifact;
· Common (30%) prolate, subangular to subrounded, medium-sand sized (in FH-4) to medium gravel-sized (FH-5) fragments of bone. Few of them appear brownish red in PPL and might have been exposed to heat. Bone fragments are more frequent and bigger in size in FH-5. Very rarely they exhibit weak silt coatings similar to the one observed around the lithic artifact. Few bone fragments exhibit they edges impregnated with iron-manganese oxides;
· Frequent (10%) prolate to equant, subrounded to rounded, smooth, medium to coarse sand-sized fragments of quartz (coarser than above unit).
· Very few (1-2%) equant, smooth to rough, up to medium sand-sized aggregates of red (XPL ad PPL) clay and quartz grains.
· Very few (>1%) equant, smooth, up to medium sand-sized fragments of limpid laminated clay coatings.
· Very few (>1%) prolate, subangular to subrounded, medium to coarse sand-sized fragments of charcoal;
· Very few (<1%) prolate to equant, subrounded, rough to smooth, fine to coarse sand-sized fragments of limestone. In them fossils are still visible;
· Very few (<1%) equant, subrounded, rough to smooth, coarse sand-sized phosphate aggregate. Opaque in XPL, dark brown in PPL, visible vesicles, and fur pseudomorphs. We interpret it as a coprolite;
· Very few (1%) medium sand-sized fragments of fresh roots;

	Fine
	28% of the thin section surface, well sorted, mostly randomly oriented, rarely local linear orientation of micas. Yellowish grey in XPL and grey in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, micas, and calcite. 

	Pedofeatures
	Carbonate pedofeatures: fragments of carbonate nodules reworked in the matrix, hypocoatings around channels developing into carbonate nodules, calcium carbonate replacing root cells.
Common orthic, disorthic and anorthic, typic iron-manganese nodules exhibiting mamillated and digitated borders.
In GL 7c some channels are partially filled with loose discontinuous silt sized grains from the matrix.


Abbreviations: c = coarse; f = fine; PPL = plane polarized light; XPL = crossed polarized light; b-fabric = birefringence fabric.

SOM Table S4
Thin section description for Klausennische.
	Unit GL 1a in E1007/N 1992d  
	Description

	Lithology
	Clayey silty with rare sand.

	Voids
	5% of the thin section, mostly planes, few channels, rare chambers. Planes exhibit parallel basic orientation and appear to have been partly disrupted by subsequent formation of channels.

	Aggregation
	Moderately separated, partly accommodated plates. Rare equant, rounded, weakly to moderately separated granules.

	Microstructure
	Predominant is platy microstructure.

	c/f
	500 µm porphyric.

	Coarse
	2% of thin section surface, moderately sorted.
Components:
· Dominant (60%) prolate, subangular to subrounded, smooth, coarse sand-sized fragments of bone. They appear coated with iron-manganese oxides, in some cases these components appear as nucleic, disorthic iron-manganese nodules.
· Common (17%) prolate to equant, subangular to subrounded, smooth, coarse-sand sized disorthic, typic, iron-manganese nodules;
· Common (15%) fragments of fresh roots within channels;
· Few (5%) equant, subrounded to rounded, rough, coarse sand-sized aggregates of clay and silt-sized minerals from the groundmass;
· Very few (2%) prolate to equant, angular to subrounded, rough, coarse-sand sized fragments of limestone. Fossils are not visible. Calcite pseudomorphic voids are observed. At the bottom of this layer they are coated with limpid microlaminated clay;
· Very few (1%), prolate to equant, angular to subrounded, smooth, coarse sand-sized quartz.
· Very few (<1%) equant, subrounded to subangular, smooth and rough (serrated/dog tooth), coarse sand-sized aggregates made from phosphate and silt sized-grains of quartz. 

	Fine
	93% of the thin section surface, well sorted, mostly randomly oriented. Often the micas appear vertically oriented, possibly as result from bioturbation. Weak intercalations of silt and clay. Yellowish grey in XPL and yellowish brown in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, micas, calcite, bones (few of them possibly burnt), disorthic and anorthic, typic iron-manganese nodules, fragmented laminated clay coatings, and very rare shell (exhibiting internal structure poorly visible, likely due to weathering).

	Pedofeatures
	Passage features: recognizable by the localized galaxy fabric of the elongated components of the groundmass. Few larger chambers are partly filled with groundmass from the matrix rich in fragments of fresh roots and microlaminated, limpid clay coatings (usually not bigger than 100 µm).
Carbonate pedofeatures: up to 300 µm thick calcite hypocoatings around channels.
Iron-manganese pedofeatures: common orthic, disorthic and anorthic, typic iron-manganese nodules exhibiting mamillated and digitated border. 
Silt pedofeatures: very few planes exhibit loose discontinuous infilling of silt sized grains from the matrix.
Clay pedofeatures: at the bottom of the layer, few coarse components and planes exhibit limpid microlaminated coatings of red (PPL and XPL) clay.


	Unit GL 1b in E1007/N 1992d 

	Lithology
	Fine gravel in sandy clayey silty. Contact with GL 1a is clear.

	Voids
	5% of the thin section, mostly planes, few channels (a bit more than in GL 1a), rare chambers. Planes exhibit parallel basic orientation and appear to have been partly disrupted by subsequent formation of channels. In general, this sediment seems a bit more bioturbated than the upper one.

	Aggregation
	Moderately separated, partly accommodated plates. Common equant, rounded, weakly to moderately separated granules.

	Microstructure
	Complex microstructure (Predominant is platy microstructure, locally granular microstructure).

	c/f
	250 µm porphyric.

	Coarse
	3% of thin section surface, moderately sorted.
Components:
· Dominant (60%) prolate, subrounded, smooth up to fine gravel-sized speleothem fragments, exhibiting calcite pseudomorphic voids. They appear coated with limpid clay alternating with silt from the groundmass. They also exhibit some weakly developed calcium carbonate coatings.
· Common (20%) prolate, subangular to subrounded, smooth, coarse sand-sized fragments of bone. In contrast with the upper layer, only some of them appear coated with iron-manganese oxides. Some appear fresher (white in PPL) than others (yellow in PPL). Some exhibit dusty (red in PPL and XPL) clay coatings.
· Few (10%) prolate, subangular to subrounded, smooth to rough, up to fine gravel-sized limestone fragments. Fossils are not visible, they exhibit calcite pseudomorphic voids.
· Few (5%) prolate to equant, subangular to subrounded, smooth, coarse-sand sized disorthic, typic, iron-manganese nodules;
· Very few (2%) prolate, subangular, smooth, fine gravel-sized aggregate of calcium carbonate, sand and silt of quartz and micas.
· Very few (3%) fragments of fresh roots within channels.
· Very few (1%) prolate to equant, subangular, smooth to rough, up to fine gravel sized fragments of chert. They exhibit iron-manganese impregnation and complex alteration.
· Very few (1%) equant, subrounded to rounded, smooth, up to 700 µm-sized grains composed of phosphate and silt sized grains of quartz and micas. Similarly to the other coarse components, they exhibit coatings composed of limpid (red in PPL and XPL) clay alternating with silt. Interestingly few of these components appear buried close to speleothem fragments.
· Very few (<1%) prolate, subangular, smooth, coarse sand-sized aggregates of dusty clay. Dark yellowish brown (in XPL) brownish grey in PPL.
· Very few (<1%) prolate, subangular, smooth, up to coarse sand- sized snail shell fragments. Their internal structure appears better preserved than in the upper sediment. 

	Fine
	92% of thin section surface, well sorted, mostly randomly oriented. Locally exhibiting galaxy fabric, possibly slightly more bioturbated than the upper sediment. Yellowish grey in XPL and yellowish brown in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, micas, calcite, bones, disorthic and anorthic, typic iron-manganese nodules, fragmented laminated clay coatings, shell fragments, and very rare glauconite. Some of the quartz grains show rough borders and complex alteration. 

	Pedofeatures
	Carbonate pedofeatures: up to 500 µm thick calcite hypocoatings around channels.
Iron-manganese pedofeatures: common orthic, disorthic and anorthic, typic iron-manganese nodules exhibiting mamillated and digitated border. 
Clay and silt pedofeatures: coarser components are coated with red (PPL and XPL) clay alternating with layers of silt. We also observed fragmented laminated clay (red in XPL and in PPL) coatings (rarer in comparison with upper unit). 


	Unit GL 1c in E1007/N 1992d 

	Lithology
	Silty clay with very rare sand. Contact with GL 1b is clear.

	Voids
	5% of thin section, planes exhibiting parallel basic orientation. Less bioturbated than upper sediment.

	Aggregation
	Highly separated, partly accommodated plates.

	Microstructure
	Platy microstructure.

	c/f
	250 µm porphyric.

	Coarse
	1% of thin section surface, moderately sorted.
Components:
· Dominant (60%) equant (rarely prolate), subrounded, smooth medium sand-sized quartz.
· Common (15%) equant, rounded, smooth, coarse sand-sized aggregate composed of phosphate and silt-sized quartz grains. They exhibit a coating of dusty (red in XPL and PPL) clay.
· Common (15%) equant, rounded, smooth, medium sand-sized bone fragment. They exhibit a coating of dusty (red in XPL and PPL) clay. 
· Few (10%) equant, rounded, dendritic to smooth, medium sand-sized orthic and disorthic typic iron-manganese nodules. 

	Fine
	94% of thin section surface, well sorted, mostly randomly oriented. Yellowish grey in XPL and yellowish brown in PPL. Crystallitic b-fabric. Main components are fine sand and silt-sized quartz, micas, calcite, bones, disorthic and anorthic, typic iron-manganese nodules. Silt fraction is finer than in upper sediments.

	Pedofeatures
	Iron-manganese pedofeatures: orthic and disorthic typic iron-manganese nodules exhibiting mamillated and digitated (in this case more dendritic) border. 
Clay and silt pedofeatures: coarser components are coated with red (PPL and XPL) clay.


	Unit GL 1 in E 1004/N 1995d 

	Lithology
	Clayey silty with rare sand.

	Voids
	30% of the thin section, channels, chambers. Voids are up to up to 0.5 cm in diameter and 3 cm in length, in them fresh root fragments are visible.

	Aggregation
	Local variability, from not aggregated to weakly/moderately separated, medium and coarse sand-sized crumbs and granules.

	Microstructure
	Channel microstructure to granular microstructure.

	c/f
	125 µm porphyric.

	Coarse
	40% of the thin section surface, generally unsorted, although locally it appears moderately sorted and finer (like the lower left corner of the slide).
Components:
· Common (30%), equant, rounded, smooth to rough sand-sized to fine gravel sized aggregates composed of clay (red and yellow in XPL and PPL) and silt and sand-sized grains of quartz, bone, micas and chert. These aggregates also contain smaller aggregates made from phosphate (isotropic in XPL and yellow/orange in PPL) and silt-sized grains of quartz and micas.
These components have more clay than surrounding groundmass and some of them exhibit weak granostriated b-fabric. They are rarer in the lower part of the layer.
· Common (25%) equant, subrounded, rough to polish aggregates composed of fresh root and plant remains, silt and sand of quartz, micas, comminuted organic matter, charcoal, aggregates of clay (red in XPL and PPL), and fragments of limpid laminated clay coatings (red in XPL and PPL). They exhibit also some orthic to disorthic typic iron manganese nodules. These aggregates are mostly filling the larger voids but occur also embedded in the groundmass of the sediment.
· Few (15%) prolate, subangular, smooth up to medium gravel sized limestone fragments. They exhibit sparitic calcite and calcite pseudomorphic voids.
· Few (10%) prolate, angular to subrounded, smooth, up to coarse sand-sized quartz grains. Their edges appear altered as shown by edge fractures and fissures. Along these alteration features, SiO2 is replaced with micritic calcite. 
· Few (10%) prolate to equant, subangular to rounded, aggregates composed of phosphate (isotropic in XPL, yellow/orange in PPL) and fine sand and silt-sized grains of quartz, and more rarely calcite and micas. 
· Few (5%) prolate, subangular, smooth coarse sand to fine gravel-sized speleothem fragments
· Very few (3%) prolate, smooth, angular fine sand-sized fragments of bone (only few of them possibly burnt),
· Very few (2%), prolate, subangular, smooth up to fine gravel-sized chert fragments. They show alteration similar to the quartz grains.
· Very few (1%) prolate, subrounded, smooth to rough sand-sized aggregates of calcium carbonate and silt of quartz and micas. They are probably disorthic carbonate nodules that formed from coalescent hypocoatings.
· Very few (1%) prolate to equant, subangular, smooth, up to coarse sand-sized charcoals
· Very few (<1%) prolate, smooth, subangular fine sand-sized aggregates of phosphates (possible coprolite fragments?).
· Very few (<1%) prolate, smooth, angular, medium sand-sized fragments of snail shell.
· Very few (<1%) equant, smooth, subangular up to fine and medium sand-sized fragments of laminated, limpid (red and yellow in XPL and PPL) clay coatings.

	Fine
	30% of thin section surface, well sorted, randomly oriented. Dark grey in XPL and yellowish grey in PPL. Crystallitic locally granostriated b-fabric. Main components are fine sand and silt-sized quartz, micas, calcite and phosphatic aggregates. 

	Pedofeatures
	Carbonate: calcium carbonate hypocoatings around channel voids up to 600 µm thick.
Iron-manganese: common orthic and disorthic, typic iron-manganese nodules exhibiting mammillated and digitated border. Iron-manganese hypocoating around chamber void up to 2 mm thick. 
Clay. Most of the non-geogenic components (bones, phosphate aggregates, chert) exhibit laminated, limpid clay coating, which measures up to 200 µm in thickness. We also observed rare in situ, limpid, laminated clay coatings (red XPL and PPL). They are probably pedofeatures inherited from the sediment in which those components have been deposited before being reworked in this layer. In the groundmass we also observed a few simple clay intercalations.
Silt. Some of the coarser components (like speleothems and limestone fragments) show weakly developed silt coatings measuring up to 200 µm in thickness. Silt grains appear compacted and parallel oriented along the border of a few channels.


	Unit GL 4 in E 1004/N 1995d

	Lithology
	Fine to coarse gravel in a silty clay matrix.

	Voids
	20% of the thin section, channels, chambers, potential parallel straight planes in the upper part of the unit. 

	Aggregation
	Local variability. Mostly weakly/moderately separated, medium and coarse sand-sized crumbs and granules. Locally (in the better-preserved area of GL 3) the deposit exhibits moderately separated, partially accommodated to unaccommodated, coarse sand- to fine gravel-sized subangular blocky peds.

	Microstructure
	Complex microstructure (mostly channel and granular microstructure).

	c/f
	800 µm porphyric.

	Coarse
	40% of the thin section surface, generally unsorted. Weak bedding, showing limestone and chert gravel alternating with graded laminations of silt and clay.
Components:
· Dominant (62%), prolate, subrounded, rough, fine to coarse gravel-sized limestone fragments. In them fossils are mostly no longer visible. They are made from sparitic and micritic calcite and exhibit calcite pseudomorphic voids and a phosphate reaction rim. One fragment from the lowermost gravel bed shows more advanced phosphatization, with extensive neoformation of phosphate and dissolution of calcite. Most of them exhibit iron-manganese impregnation along their edges and/or within the secondary micrite.
· Few (10%) prolate to equant, subangular to rounded, aggregates composed of phosphate (isotropic in XPL, yellow/orange in PPL), fine sand and silt-sized grains of quartz, calcite, and micas. 
· Few (10%) prolate, smooth, angular fine sand-sized to fine gravel-sized fragments of bone. Most of them exhibit good preservation of osteon structure in XPL and appear white, limpid in PPL. Few of them might have been altered by fire as indicated by a more isotropic appearance in XPL and orange-brown color in PPL. Very few of them have been extensively dissolved and partly recrystallized in amorphous apatite.
· Very few (7%) prolate to equant, subangular, up to coarse sand-sized grains of quartz. Their edges appear rarely smooth, more often they are rough (serrated/dog-toothed) and diffusing in the surrounding matrix. In these diffuse borders crystalline quartz dissolved and precipitated into amorphous silica. Only exceptionally, quartz dissolution seems to have led to the neoformation of clay (yellow in XPL and PPL).
· Very few (5%), prolate to equant, subangular, smooth to rough up to medium gravel-sized chert fragments. Few of them (especially the equant ones) exhibit iron impregnations and complex alteration, furthermore they appear partly dissolved and replaced with amorphous silica.
· Very few (2%) fresh root remains in the larger voids.
· Very few (2%) prolate, rounded, smooth to diffuse up to fine gravel-sized speleothem fragments. They show calcite pseudomorphic voids and iron-manganese impregnation. Similarly to the limestone fragments they show phosphatic reaction rims.
· Very few (2%) equant, subrounded, rough to polish aggregates composed of fresh root and plant remains, silt and sand of quartz, micas, comminuted organic matter, charcoal, aggregates of clay (red in XPL and PPL), and fragments of limpid laminated clay coatings (red in XPL and PPL). They exhibit also some orthic to disorthic typic iron manganese nodules. These aggregates are mostly filling the larger voids but occur also embedded in the groundmass of the sediment. 
· Very few (<1%) prolate to equant, smooth, subangular to subrounded medium sand-sized phosphatic aggregates composed of multiple smaller phosphatic aggregates. They appear isotropic in XPL and limpid in PPL. We also observed fur pseudomorphic voids.
· Very few (<1%) prolate to equant, smooth, subrounded to rounded medium to coarse sand-sized aggregate made from clay, silt-sized quartz and fragments of laminated limpid clay coatings.
· Very few (<1%) prolate, subrounded, smooth to rough sand-sized aggregates of calcium carbonate, sand-sized phosphatic grains and silt of quartz and micas.
· Very few (<1%) prolate to equant, subangular, smooth, up to fine gravel-sized charcoal fragments.
· Very few (<1%) prolate, smooth, angular, medium sand-sized fragments of snail shell.

	Fine
	40% of the thin section surface, from unsorted to well sorted, mostly randomly oriented. Composed of fine sand to silt-sized grains of quartz (less weathered than coarser fraction), micas, calcite (mostly introduced in this sediment with the formation of hypocoatings), fragments of phosphatic grains, fragments of fresh root remains, comminuted organic matters (the latter two especially in the proximity of larger voids and bioturbation features), clay (more abundant than in upper unit), and fragments of laminated, limpid clay coatings (red and yellow in XPL and PPL). The groundmass appears extensively decalcified and phosphatized, especially in the lower right corner of the slide. Dark brown in XPL and reddish brown in PPL. Crystallitic locally granostriated b-fabric.
The left side of the thin section appears more intensively bioturbated as shown by granular microstructure and the fact that the silt-sized components show some galaxy fabric distribution.
As reported above, the right side of the sample shows two beds of medium to coarse gravel separated by a layer of silty clay. This layer is made from sorted, less decalcified reworked loess alternating with laminations of less sorted (richer in coarser sand) and more intensively phosphatized reworked loess. In both lamination types, elongated quartz and mica grains exhibit parallel horizontal orientation, similarly to the fine/medium gravel-sized fragment of chert that is covering the lowermost bed of gravel.

	Pedofeatures
	Carbonate: calcite hypocoatings are less frequent than in the upper sediment. Simple intercalations of secondary micritic and sparitic calcite are common.
Iron-manganese: common orthic and disorthic, typic iron-manganese nodules exhibiting mamillated and digitated border.
Clay. Some of the coarser components exhibit coatings composed of laminated dusty clay and coarse silt/fine sand grains. These coatings measure up to 50 µm in thickness. We observed also in situ clay coatings composed of inner laminations of limpid clay and outer laminations of dusty clay and fine sand quartz grains (clay reddish brown in XPL and PPL).


Abbreviations: c = coarse; f = fine; PPL = plane polarized light; XPL = crossed polarized light; b-fabric = birefringence fabric.
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